It has recently been recognized that flow injection analysis (FIA) has interesting possibilities for a simultaneous determination of two or more species. Reviews of simultaneous determinations using FIA and focusing on speciation have appeared in the literature."2 Gine et a1. 3 have employed an injection valve with two loops that is used alternatively for nitrate and nitrite determinations with a single detector. This can be more exactly called sequential, since two consecutive injections are necessary for a determination of two species. Splitting a flow stream4'S or using a valve to switch between streams with and without a redox reagent4,6 have been employed for the determination of two species with a single detector. These contributions have resulted in somewhat complicated and troublesome configurations. In contrast, we have reported a simple FIA system comprising three channels using a large sample injection for a simultaneous determination of iron(III) and iron(II) in a single plug and using a single detector.' This paper presents a different approach which enables a simultaneous determination of two species in a single sample injection with only one detector. The system exploits the simultaneous intercalation of a modifying reagent plug and two small sample plugs into the same carrier stream by making effective use of a 16-way valve. The carrier merges downstream in a stream containing a chromogenic reagent for the detection of the species in the sample. This approach is illustrated with a simultaneous spectrophotometric determination of iron(III) and iron(II) in a mixture with 1,10-phenanthroline.
Experimental
A Jasco UVIDEC-320 spectrophotometer equipped with a flow cell, a Hitachi 655A-13 Pump and a Hitachi K-1600 16-way valve were used. All pieces of tubing, including a 4-m long separation coil (SC), a 15-cm reagent loop (RL) and two 15-cm sample loops (51, S2) which were equipped to 16-way valve, were made of Teflon (0.5 mm i.d.). A schematic diagram of the manifold is shown in Fig. 1 . Iron(III) in one of the sample plugs(S1) was reduced to iron(II) by penetration of the S 1 and R plugs during transport in the reaction coil (RC). Iron(III) and iron(II) in the other sample plug(S2) were kept as present in the original sample. As a consequence of the mixing of these sample plugs with a 1,10-phenanthroline solution, two peaks developed. The first peak was related to the sum of iron(III) and iron(II) and the second peak to Iron(II). These peaks were recorded from a single injection of a mixture of iron(III) and Iron(II). Calibration curves for each analyte were run separately. The solutions and reagents employed were the same as described earlier.'
Results and Discussion
In order to realize the present approach, two sample plugs must be placed at a sufficient distance from each other so that the overlap of the two zones due to dispersion can be avoided. Such a situation can be achieved by using a configuration in which a separation coil filled with a carrier is placed between the two sample plugs. The effect of the separation coil length on the efficiency of the peak separation was studied with the injection of a 2.5X105 M iron(II) solution into the manifold of Fig, 1 . As shown in Fig. 2 , a good separation of the two peaks was achieved with a separation coil longer than 3 m. Longer separation coils resulted in better separation but caused a decrease in the height of the second peak due to an increased dispersion by the longer travel path of the S2 plug. No considerable effect on peak separation was observed by changing each flow rate in the range from 0.5 to 1.0 ml min'. With respect to the location of the ascorbic acid plug, two configurations are possible in the present manifold; in one the plug is placed in front of the separation coil and in the other it is placed at the rear of the separation coil. The former was chosen in the present system because experiments with the latter case showed that longer intervals for the next sample introduction were required in order to avoid carryover of ascorbic acid. The length of the reaction coil is also an important factor for controlling the dispersion of the zones of sample (Sl) and ascorbic acid (R) so as to provide an effective mixing of both zones, but not to cause any overlap between the two sample zones by an augmented dispersion. A 1-m reaction coil was useful for both reducing iron(III) and for providing a good separation of the two peaks, as shown in Fig. 2 . It should be noted that the use of a 0.2% ascorbic acid solution yielded a very small second peak, even when the solution containing only iron(III) was injected. This is probably due to a trace residual of ascorbic acid in the loop through which the sample zone(S2) passes. This undesirable peak gradually decreased when decreasing the concentration of ascorbic acid and became almost negligible with concentrations below 0.05%. Therefore, a higher ascorbic acid concentration should be avoided; otherwise it would cause a deterioration in the detection limit of iron(II), especially when iron(III) is present in excess to iron(II). On the other hand, it was observed that a linear response for iron(III) was limited to the lower concentration region (e.g. below IO-4 M for iron(III) when using 0.05% ascorbic acid). Taking into account that the height of the first peak is not same as that of the second peak for the same concentration of iron(II), because of the increased dispersion of the S2 zone, two calibration curves for iron(II) and one calibration curve for iron(III) must be prepared using separate injections for each standard solution. Under the conditions described in Fig. 1 , linear relationships were found for 0 -1.0X10-4 M iron(II) and 0 -1.0X 10-4 M iron(I I I). Good additivity of the response was also found for such ranges of iron(II) and iron(lII) containing each 2.5X10.5 M fixed iron(III) and iron(II), respectively. The relative standard deviations were 0.9 and 0.8% for a mixture of 5.0X10-S M iron(II) and iron(III), respectively. Results for a simultaneous determination of iron(II) and iron(III) in synthetic mixtures at different ratios are listed in Table 1 . It can be seen that good recovery for iron(II) and iron(III) was achieved, although an increased error was observed at lower concentrations. It was also found that the relative error for iron(III) tends to become larger than that for iron(II). This may result from an estimation of the iron(III) concentration by difference, as observed by Lynch et al. 8 The method for iron speciation described here, however, is simple and rapid, requiring no complicated separation process. This approach has the advantage of achieving a better signal resolution as well as an easy and reliable measurement of the signal height in comparison with a system using a large volume sample injection reported earlier.' Moreover, a simple configuration has an advantage in that it does not require any switching of the flow or splitting of the flow stream. Further work is in progress to extend this approach.
